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PRODUCTION METHOD OF LACTOSE FROM WHEY OR A PERMEATE RE- 
SULTING FROM THE ULTRAFILTRATION OF WHEY 

5 The present invention relates, to a production method 

of lactose from whey or a permeate resulting from the ul- 
trafiltration of whey, this whey and permeate comprising 
monovalent Na + and K + cations, monovalent CI" anions, multi- 
valent Ca 2+ and Mg 2+ . cations and multivalent inorganic ani- 

10 ons such as phosphate anions and/or organic acid anions 
able to form complexes with said multivalent cations, such 
as lactate and citrate. 

In such a production method of lactose, a concentra- 
tion operation, is usually contemplated before a crystalli- 

15 zation operation. However, . the presence in the- whey or the 
whey ultrafiltration permeate of calcium and/or magnesium 
phosphate is a source of precipitations in the evaporators 
used for said concentration; this requires a frequent 
cleanup of these evaporators. Further, the precipitation of 

20 calcium' and/or magnesium phosphate during the. crystalliza- 
tion-has an adverse effect on the latter. 

To remedy . to those problems, it was suggested in the 
prior art to limit the aforementioned problems by adjusting 
the pH of the whey or of the whey ultrafiltration permeate . 

25 in order to precipitate calcium and/or magnesium phosphate, 
then separate the precipitated salt by centrif ugation . 

This technique is however costly, and the decalcifica- 
tion yield is limited. 

The basic idea of the present invention is to carry 

30 out a crystallization operation on a whey or a permeate re- 
sulting from the ultrafiltration of. whey, treated by ion- 
exchange resins in order to deplete it in multivalent 
cations and possibly in multivalent inorganic anions and/or 
organic acid anions, even to substantially totally relieve 

35 it from these cations and/or anions, while producing efflu- 
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ents of which the nature allows for the regeneration of 
said resins without an outside contribution of chemicals. 

Thus, the aim of the present invention is a method ac- 
cording to the first paragraph of this description and 
which is characterized in that it comprises the operations: 

(a) of replacement of at least a part of the multiva- 
lent cations of the whey or permeate by monova- 
lent metal cations such as Na + and/or K + , in or- 
der to obtain a whey or a permeate depleted in 
multivalent cations , 

(b) of replacement of at least a part of the multiva- 
lent inorganic anions and organic acid anions of 
the whey or permeate by monovalent . anions such as 
CI" non-able to form complexes with the multiva- 
lent cations, operation (b) being performed ei- 
ther simultaneously to above operation (a) , in 
which case a whey or permeate depleted in multi- 
valent inorganic anions, in organic acid anions 
.and in multivalent cations results from it, or 
before said operation (a) , in which case a whey 
or "permeate depleted in multivalent inorganic 
anions and organic acid anions results from it, 
and 

(c) of crystallization of said whey or permeate de- 
pleted in multivalent inorganic anions, in .or- 
ganic acid anions and in multivalent cations, in 
order to obtain crystallized lactose "and a mother 
liquor enriched in monovalent metal cations, this 
crystallization - being preceded, if necessary, by 
a concentration operation of said whey or perme- 
ate to the desired degree. 

Operation (a) above provides a whey or permeate 
greatly enriched in monovalent metal cations which have the 
advantage of not having any adverse impact on the possible 
concentration operation, nor on the subsequent crystalliza- 
tion operation (c) . 
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As for operation (c) , it produces crystallized lactose 
and a mother liquor containing most of the monovalent metal 
cations contained in the whey or permeate from operation 
(a)- 

5 It has actually been established that such a replace- 

ment of at least a part of the anions able to form com- 
plexes with the Ca 2+ and Mg 2+ cations, by monovalent anions 
non-able to form such complexes-, such as Cl~, could greatly 
improve the decalcification yields. 
10 It will be understood that with this replacement, the 

said complexes are more or less destroyed, which increases 
the availability of the multivalent cations (Ca 2+ , Mg 2+ ) 
which can therefore more easily be replaced by the monova- 
lent metal cations. 
15 Preferably, the method according to the invention fur- 

ther comprises the operation: 

(d) of chromatography of at least a part of the 
mother liquor obtained during crystallization op- 
eration (c), in order to produce a lactose- 
20 enriched fraction, and a raffinate enriched in 

monovalent metal cations and possibly in monova- 
lent anions. 

According to. an embodiment, operation (a) of replace- 
ment of the multivalent cations preferably comprises the 

25 processing of the whey or permeate with a cationic resin of 
which the counter-ion is a monovalent metal cation. 

Moreover, operation (b) of replacement of the multiva- 
lent inorganic anions and organic acid anions preferably 
comprises the processing of the whey or permeate with an 

30 anionic resin of which the counter-ion is a monovalent an- 
ion non-able to form complexes with the multivalent 
cations. 

It will be specified that the aforementioned resins 
are preferably strong anionic and strong cationic resins. 
35 Moreover, the monovalent cation forming the counter- 

ion of the cationic resin is preferably the Na + and/or K + 



7252 PCT 



4 



cation (s), and the monovalent anion forming the counter-ion 
of the anionic resin is preferably the CI" anion. 

According to another characteristic of the method ac- 
cording to the invention, it can further comprise the op- 
5 eration: 

(e) of regeneration of the aforementioned cationic 

resin and/or anionic resin, 
this regeneration being advantageously performed with 
a fraction of the mother liquor produced during crystalli- 
10 zation operation (c) and/or with at least one fraction of 
the raffinate produced during chromatography operation (d) . 

It will be added that this regeneration can be per- 
formed in series or in parallel on the anionic resin and 
the cationic resin. 
15 It will also be added that depending on the ionic com- 

position of the whey or permeate, a pH adjustment of the 
regeneration liquid, in particular of said mother liquor, 
may be necessary to prevent any risk of precipitation of 
calcium or magnesium phosphate. Thus," this adjustment can 
20 preferably be performed by means of phosphoric acid or hy- 
drochloric acid. 

The present invention is illustrated hereafter, in a 
non limitative manner, by the description of a preparation 
example of lactose, done with reference to the unique f ig- 
25 ure which is the schematic representation of an installa- 
tion for the carry-out of the method according to the in- 
vention. 

The feedstock is, in the selected example, a permeate 
obtained by ultrafiltration' of whey. . Such a permeate com- 
30 prises mainly lactose, organic acids and minerals (particu- 
larly Na + , K + , Ca 2+ , Mg 2+ cations, Cl" and phosphate anions 
and organic acid anions able to form complexes with the 
Ca 2+ and Mg 2+ cations, ' such as citrate and lactate). 

This permeate is carried by a duct 1 to the entrance 
35 of a column 2 filled with a strong anionic resin (AF) , then 
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from the exit of this column 2 by a duct 3 to the entrance 
of a column 4 filled with a strong cationic resin (CF) . 

The strong cationic resin is in the Na + or K + form, 
i.e. its counter-ion is the Na + or K + ion; the strong ani- 
5 onic resin is in the Cl~ form, i.e. its counter-ion is the 
CI" ion. 

It will be noted that, as an alternative, both these 
resins could be used in a mixture, in which case a single 
column would be sufficient. 

10' During the passage of the permeate through the anionic 

resin, it exchanges its multivalent inorganic anions (phos- 
phate) and organic acid anions (lactate, citrate) with the 
CI"' ions of the resin; during it's passage through the cati- 
onic resin, it exchanges its multivalent cations (Ca 2+ , 

15 Mg 2+ ) with the Na + or K + ions of the resin. 

The permeate is therefore relieved from a substantial 
part of its multivalent cations and multivalent inorganic 
anions and of its organic acid anions, which cations and 
anions have been replaced by monovalent cations and anions; 

20 this permeate therefore mainly contains lactose, Na + , K + 
and CI" ions, residual Ca 2+ , Mg 2+ cations, residual phos- 
phate anions and residual organic acid anions." 

The aqueous solution coming from column 4 is then car- 
ried by a duct 5 in an evaporation unit 6 of which the 

25 function is to concentrate this permeate. 

The concentrated permeate coming from unit 6 is then 
carried by a duct 7 in a crystallization unit 8, where we 
assist to the crystallization of lactose that is separated 
from the mother liquor. 

30 This mother liquor very rich in Na + , K + and CI" ions 

may be, totally or partly, used for the regeneration of the 
resins respectively filling columns 2 and 4; this regenera- 
tion is preferably performed in parallel on these resins, 
with in this case addition of a make-up NaCl to the mother 

35 liquor (see dotted line circuit on the appended figure) . 
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Finally, as 'an alternative, a part or the totality of 
said mother liquor can be carried by a duct 9 at the top of 
a chromatography column 10 of which stems, on one hand, an 
aqueous solution enriched in residual lactose and, on the' 
5 other hand, a raffinate enriched in monovalent anions and 
cations Na + , K + and Cl~. 

This raffinate can also be used for the regeneration 
of the resins of columns 2 and 4 (see dotted line circuit 
on appended figure). 
10 In order to demonstrate the importance of this method 

according to the present invention, it has been compared to 
the known softening- technique by precipitation and cen- 
trifugation (centrifugal settling) , in the lactose prepara- 
tion from a permeate of sweet whey, obtained by ultrafil- 
15 tration of whey. 

Two alternatives have been used for the method accord- 
ing to the invention, namely: 

use of a cationic resin only (IRA 252 from American 
company Rohm and Haas) = CF system; 
20 -use of an anionic resin (IRA 458 from American com- 

pany Rohm and Haas) , followed in series by a cationic resin 
(SRI LNa from company Rohm and Haas) = AF - CF system. 

For both" these alternatives, the regeneration of the 
resins is performed by means of the mother liquor coming 
25 from the lactose crystallization, respecting the volume ra- 
tios: production of 1 volume of mother liquor at 27% of dry 
matter for 16 volumes of - whey permeate at 5.7% of dry mat- 
ter. 



The ionic composition of the permeate is as follows: 



dry matter 
(%) 


Ca 2+ + Mg 2+ 
(meq. /I) 


Na + + K + 
(meq. /I) 


P0 4 3 " 
(meq./l) 


- Cl" 
(meq./l) 


5.7 


25 


52 


38 


31 
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Performances of the systems 





CF 


AF-CF 


Centrifugal 
settling 


Ca 2+ and Mg 2+ in the 
permeate to be treated 
(meq./l) 


• 25 


25 


25 


Ca 2+ + Mg 2+ in the exit 
effluent (meq./l) 


4 . 2 


1 . 2 


6.3 


Elimination % of Ca 2+ + 
Mg 2+ 


83 


95 


75 


Cationic capacity 
(eq./l) 


0. 60 


0.75 





The permeate thus softened is crystallized in order to 
produce crystallized lactose and a mother liquor containing 
most of . the impurities, including the salts .with monovalent 



5 ions. 

This mother liquor has been clarified by settling 
and/or filtration before use as resin regenerator. With its 
pH adjusted to 5, no precipitation has been observed in the 
resins. 
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